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when using the CG equation. The eGFR was categorized into five stages as recommended by the KDOQI guidelines. 6 
Statistical Analysis
The study population was divided into three groups based on the stage of CKD: (1) patients with normal or mildly reduced GFR (eGFR ≥60 ml· min -1 · 1.73 m -2 ), (2) those with moderately reduced GFR (eGFR: 30-59 ml· min -1 ·1.73 m -2 ), and (3) those with severely reduced GFR (eGFR <30 ml·min -1 ·1.73 m -2 ). The baseline characteristics of the patients in the three strata were compared by chisquare test for dichotomous variables and ANOVA tests for continuous variables. Data are expressed as means ± standard deviations (SD). Least-squares linear regression analysis and a correlation coefficient were used to describe the relationship between the eGFRs calculated by the MDRD and CG equations. A Bland-Altman plot was also used to assess the agreement between both eGFRs. 10 Survival curves of patients with CKD were constructed using the Kaplan-Meier method and were compared with the logrank test. Multivariate Cox proportional hazards analyses were also performed to determine the association of eGFR with a combination of all-cause mortality plus admission because of CHF, using the following covariates: age, gender, etiology of CHF, serum hemoglobin level, left ventricular EF, body mass index (BMI), NYHA functional class, medications for CHF, and comorbidities such as diabetes, dyslipidemia, or ventricular tachycardia. Prior to the multivariate analysis, the associations among all covariates were evaluated using the Spearman's rank correlation test. Statistical significance was defined as p<0.05. The Bland-Altman plot was constructed using MedCalc ver. 9.3.0 (available at: http://www.medcalc.be) and all other statistical analyses were performed using SPSS 15.0J for Windows (Chicago, IL, USA).
Results

The eGFR in Patients With CHF
The mean age of the study population was 68.3±13.6 years and males accounted for 65.1% of patients. The mean follow-up period was 3.45±1.75 years. The prevalence of patients with renal insufficiency, which was categorized based on the stages defined by the KDOQI guidelines using two equations, is shown in Fig 1. Patients with CKD, which was defined as eGFR <60 ml· min -1 · 1.73 m -2 , accounted for 26.7% and 42.7% of the study population when using the MDRD equation and CG equation, respectively. Fig 2 shows the relationship between two eGFRs calculated using each equation. There was a significantly good correlation between them (R=0.889, p<0.001); however, the eGFR calculated using the MDRD equation tended to be greater than that calculated by the CG equation, especially in patients with reduced eGFR. The Bland-Altman plot Cockcroft-Gault equation 8 CCr showed that the scatter of the differences between the two eGFRs increased as the eGFR increased and, importantly, the mean difference was 10.6 ml·min -1 ·1.73 m -2 (Fig 3) .
Baseline Characteristics and Survival Analysis
Baseline characteristics of the patients stratified by eGFR calculated by the CG equation are summarized in Table 2 . Reduced kidney function was associated with a variety of cardiovascular risks. Patients with lower eGFR were older and had lower BMI, more severe symptoms of CHF, higher level of B-type natriuretic peptide, lower level of hemoglobin, and a higher prevalence of hypertension and diabetes.
Those patients were less likely to be taking -blockers, angiotensin-converting-enzyme inhibitors, or angiotensin II receptor blockers. The Kaplan-Meier analyses included the following two endpoints: (1) combined event of allcause death and admission because of congestive heart failure and (2) admission because of congestive heart failure (Fig 4) . The event-free rates of patients with more severe CKD were significantly lower than those of patients with less severe CKD when eGFR was evaluated using the CG equation (Fig 4) . The 1-and 3-year rates of the combined event of all-cause death and admission because of congestive heart failure in patients with eGFR <30 ml· min -1 · 1.73 m -2 were 35.9% and 71.1%, respectively. The respective rates of admission because of congestive heart failure in those patients were 35.1% and 58.3%, respectively.
Multivariate Cox Regression Analysis
Results of the multivariate Cox regression analysis are shown in Table 3 . The Spearman's rank correlation test did not show good or significant correlations between the severity of CKD and the covariates other than age, which was included in the equation of calculating GFR ( Table 1 ). The eGFR was calculated using the CG and MDRD equations and a lower eGFR was significantly associated with the development of the combined event of all-cause death plus admission because of congestive heart failure, as were age, NYHA class, diabetes, ventricular tachycardia, lower hemoglobin level and lower left ventricular EF. When eGFR was calculated by the CG equation, hazard ratios of patients with moderate CKD (eGFR: 30-59 ml · min -1 · 1.73 m -2 ) and severe CKD (eGFR <30 ml·min -1 ·1.73 m -2 ) were 1.31 (95% confidence interval (CI) 1.03 to 1.68, p=0.03) and 1.56 (95% CI 1.05 to 2.32, p=0.03), respectively. However, when the eGFR was calculated using the MDRD equation, the significant relationship between reduced GFR and the combined endpoint was observed only in patients with moderate CKD, which showed a hazard ratio of 1.32 (95% CI 1.04 to 1.68, p=0.02) ( Table 3) .
Discussion
The major findings of the present study are as follows: (1) patients with CKD defined as eGFR <60 ml·min -1 ·1.73 m -2 accounted for 26.7-42.7% of Japanese patients with symptomatic CHF; (2) GFR estimated using the abbreviated MDRD equation tended to be greater than that estimated by the CG equation; (3) patients with more severe CKD had more cardiovascular risks than those with less severe CKD and these patients also had a significantly increased risk of the combined event of the all-cause mortality and admission because of congestive heart failure. Therefore, risk stratification using eGFR is a first-line strategy to improve the survival and QOL of Japanese patients with symptomatic CHF.
Estimation of GFR
Significant kidney dysfunction may be present despite a normal serum creatinine level. The KDOQI guidelines define the stages of CKD based on an eGFR that is calculated All-cause Mortality + CHF Admission CHF Admission Tables 1,2 . Admission because of congestive heart failure. CHF, congestive heart failure; GFR, glomerular filtration rate.
using the serum creatinine level. The two most commonly used formulas for GFR estimation are the abbreviated MDRD and CG equations (Table 1) . We found a strong relationship between the two eGFRs (Fig 2) , although the Bland-Altman plot did not reveal sufficient agreement between them (Fig 3) . Furthermore, there was a considerable difference in the mean values of the two eGFRs, which might influence the diagnosis of CKD. Validation studies performed in middle-aged patients with CKD have shown that the MDRD equation is more accurate than the CG equation, which calculates creatinine clearance. However, we speculated that the CG equation might be more appropriate for our purposes because it can estimate GFR better than the MDRD equation in older patients 11 and the mean age of the population in the present study was 68.3 years, which was much older than that of the participants in the MDRD Study, whose mean age was 50.6 years. 9 Equations to estimate eGFR might need modification using Japanese coefficients. Imai et al reported that 0.881× MDRD might be a better estimation than the original MDRD equation; however, they also concluded that a new equation was needed for more accurate estimation of GFR in Japanese patients with CKD stage 3 or 4. 12
Renal Dysfunction and Prognosis
Several investigators have explored the influence of renal impairment on the prognosis of patients with CHF. Multivariate analyses using populations of randomized treatment trials or population-based studies performed in Western countries showed that CKD is significantly associated with a poor prognosis of patients with CHF. 4, 5, 13 In the present study, Kaplan-Meier analysis showed that patients with a lower eGFR had an increased rate of the combined event of all-cause death and admission because of CHF. Furthermore, multivariate Cox regression analysis clearly showed that more severe CKD independently predicted a poor prognosis after adjustment for other cardiovascular risk factors (Table 3) . When using the MDRD equation to calculate eGFR, the association between severe CKD (eGFR <30 ml· min -1 ·1.73 m -2 ) and the combined endpoint did not reach the significant level. We speculate that this may be because of the limited number of patients who were categorized as severe CKD using the MDRD equation (n=27, Table 3 ).
Anemia and CKD
In the present study, patients with CKD were associated with many risk factors for cardiovascular disease (Table 2) . Several researchers have shown that anemia and CKD are interrelated in patients with CHF. 4, 5 Anemia can be caused by kidney dysfunction 14 and is reported to be an independent predictor of the prognosis of these patients. 5 Multivariate analysis in the present study revealed that a low hemoglobin level was independently and significantly associated with the development of events, as was the severity of CKD (Table 3) .
Other Prognostic Risks and eGFR
GFR is considered to decrease as age increases and the eGFR is calculated by an equation including age as shown in Table 1 . 8, 9 The present study also showed that patients with more severe CKD were significantly older (Table 2) . However, multivariate analysis including age as a covariate revealed that eGFR was one of the significant predictors for the prognosis in patients with CHF.
The present study also showed that other four covariates (ie, higher NYHA class, diabetes, ventricular tachycardia, and low EF) were significantly and independently associated with the prognosis of these patients, and those factors may be also associated with renal dysfunction. CKD is considered to be linked to increased incidence of atrial and ventricular arrhythmias. 15 Several structural and physiologic substrates, such as electrolyte abnormalities, volume overload, and adverse pharmacologic interactions, based on CKD may be potential mechanisms of such a relationship. Higher NYHA and low EF are frequently observed in patients with advanced CHF and the reduced cardiac output in these patients activates sympathetic nerve activity and the renin-angiotensin system, which results in further progression of CKD in CHF patients. 16 Chronic diabetes frequently results in diabetic nephropathy and it is one of the most common causes of CKD and end-stage renal disease. However, in the present study the Spearman's rank correlation test showed that there was not a good and significant relationship between the severity of CKD and the four covariates. Several researchers, including us, have already reported that these factors are significantly and independently associated with the prognosis of patients with CHF 2,3,5 and that they are still important prognostic factors for risk stratification as eGFR is.
Conclusions
CKD is also common in Japanese patients with CHF and its severity is inversely associated with survival and QOL, as several Western investigators have previously reported. GFR, which is easily calculated using a prediction equation, should be evaluated in all patients with CHF to improve risk stratification and treatment.
